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We achieved a direct surface patterning of nanomaterials such as DNA, nanoparticles 
and molecules using a laser-induced micronanobubble on Au and ITO substrates. At 
the laser focal point, the resulting bubble induced Marangoni convection generated by 
surface tension gradient along the bubble interface. This convection flow and 
evaporation-induced capillary flow attracted nanomaterials to the three phase contact 
line of the bubble. 
 
1. Introduction 
Novel strategies for nano-fabricarication 
techniques are in increasing demand, as the 
down-scaling of photolithographic processes, called 
as the top-down approach, will soon encounter the 
fundamental physical limits of miniaturization. 
Therefore, the bottom-up approach, based on the 
self-assembly of molecular units has attracted a 
vast amount of research work over the last three 
decades. For the bottom-up approach, various 
components such as organic molecules, 
biomolecules, supramolecules and nanocrystals 
have been used for the building blocks toward 
functional devices on the solid surface. 
A purpose of this research is to control a spatial 
positioning of nanomaterials in a set number on the 
solid surface without any templates any masks 
toward functional devices. One of the great tools to 
control a precise position of materials is laser light. 
In order to develop the soft/wet process, using a 
laser is useful approach to assemble nanomaterials. 
Therefore, we have tried to develop a new soft/wet 
manipulation and an assembling methodology 
using laser light. I found that a small bubble was 
generated at a laser focal point, which can be used 
for the manipulation of materials on a substrate 
surface. The present method is essentially a 
templateless procedure to assemble nanomaterials 
such as DNA, nanoparticles and molecules on an Au 
or an ITO surface, which can absorb the laser light. 
2. DNA manipulation by a laser-induced 
micronanobubble 
The experiments of DNA manipulation were 
conducted under the inverted microscope (Objective 
lens 100×/NA 1.30) equipped with Nd:YAG laser 
(wavelength 1064 nm) and a home-made liquid cell 
(Figure. 1). -DNA was visualized by staining with 
SYBR GoldTM. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. 1 Schematic layout of our optical system. The 
beam from an Nd:YAG laser (1064 nm) was magnified 
and collimated and then introduced into an inverted 
microscope. Sample cell is made by Au-coated quartz, 
extended parafilm and cover glass. 
When the focal point of the laser beam was adjusted 
to the top of a Au surface, we observed -DNA 
strands near the laser focal point were quickly 
pulled towards the focal point on the Au surface 
(Figure 2a). When the laser irradiation was stopped, 
the expanded strands returned to their original 
state. Switching the laser on and off caused the 
DNA to pull-in and shrink reversibly many times. 
(Figure 2b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In order to understand the phenomenon, we 
investigated the water-Au interface from the side by 
confocal laser scanning microscope at the laser focal 
point on the Au surface, in which a 1mM rhodamine 
6G solution are used as fluorescent probe. Then, a 
confocal microscope image showed that a small 
bubble (ca. 1m) was generated by laser irradiation 
on Au surface (Figure 3). 
  In order to understand the attractive motion of 
DNA into the focal point we analyzed the single 
particle velocimetry. Velocity profile against a 
distance R from the laser focal point was shown in 
Figure 4. From this plots, particle attraction was 
accelerated in the direction of the bubble in 15-20 
m range (circle points in Figure 4). In contrast, 
when the surfactant triton X 100 was present in 
water, both the velocity and an attractive radius 
were reduced (cross points in Figure 4). This 
indicated that the attractive phenomenon was 
affected by surface tension at bubble interface, 
which strongly suggests that the Marangoni 
convection was induced around the bubble. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Consequently, the DNA pull-in phenomenon can 
be explained by Marangoni convection due to a 
micronano bubble generated by laser local heating 
on the Au surface. For Au substrate, the thickness of 
Au film plays a crucial role for absorption of IR laser 
(a) 
(b) 
Figure. 2 Fluorescent microscope images of DNA whose 
one end fixed on Au surface responding to laser 
irradiation. The laser irradiation was on (a). Described 
times show elapsed times from the moment of 
irradiation on. The + point indicates laser focused point. 
(b) Schematic representation of DNA response to laser 
irradiation. 
Figure. 3 Cross section fluorescent image of laser 
induced micronano bubble by confocal laser scanning 
microscope. A 1mM rhodamine 6G solution are used as 
fluorescent probe and the excitation laser is Ar+ laser 
(488 nm). Micronano bubble exists steadily during the 
IR laser irradiation on Au surface 
Figure. 4 Plots of velocity against the distance from the 
bubble at laser focal point. The velocity was measured 
by particle image velocity (1 m polystyrene bead) in an 
aqueous solution (red open circle) and 500 ppm Triton 
X-100 surfactant solution (blue cross shape). R is a 
distance from the laser focal point (R=0) on Au surface. 
V is the velocity of a particle, and the direction is moving 
in the laser focal point (R=0). 
light. For example, a 10-nm-thichness Au film 
absorbs the infrared laser light (34 % at 1064 nm). 
  In addition, the pinning of DNA strands in the 
stretched state was observed on the Au surface only 
when the bubble has touched the free end of DNA 
(Figure 5 ). As a consequence, the laser-induced 
micronanobubble on the Au surface enables us to 
control the number and position of the one-end 
immobilized DNA strands as DNA nanowires. 
 
 
 
 
 
 
 
 
 
 
3. Fabrication of a ring structure from 
nanoparticles in solution  
We have developed a new method for the 
fabrication of a ring structure from nanoparticles in 
solution without any templates and masks on a gold 
surface by use of continuous Nd:YAG laser light. A 
solution of CdSe Q-dots (8 nM) was injected from 
the side inlet into a cell mounted on a fluorescence 
microscope. By focusing the continuous Nd:YAG 
laser light on the gold surface at 50-mW laser power, 
the CdSe Q-dots were assembled into a 
micronano-ring structure on the gold surface within 
1 s (Figure 6a). Furthermore, the array pattern of 
rings composed of CdSe Q-dots was easily prepared 
by parallel movement of the gold substrate together 
with the on-off control of the laser light (Figure 6b). 
The ring diameter was controlled from 1 to 8 m by 
tuning laser power, since the size of the bubble 
depends on the laser power (Figure 6c). Under 20 
mW of the laser power, the ring could not be formed 
because the temperature due to laser local heating 
was not high enough to reach the boiling point of 
water. A threshold of laser power clearly exists, 
which may correspond to the phase-transition 
temperature of water from liquid to gas at the laser 
focal point on the gold surface. The fabrication limit 
for the interspacing of the ring structures was 300 
nm because of a fluctuation of the generated bubble 
in terms of size and the positioning. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The mechanism of ring formation is shown in 
Figure 7. At first, the laser local heating created a 
micro-nano bubble at the gold/water interface 
described above, which acted as a template for the 
ring formation (Figs. 7a and b). Once the bubble 
was generated, a continuous-wave laser local 
heating was accompanied by a temperature 
gradient, which induced the gradient of the surface 
tension in the vertical direction from the bubble. 
Then nanoparticles dispersed in water are sucked 
toward the focal point and assembled at the 
interface between the bubble and Au surface 
Figure. 5 Fluorescent microscope images of (a) bubble 
formation by laser irradiation, (b) DNA pulling towards 
bubble, (c) contact of DNA with bubble and (d) pinning 
of DNA on substrate. The + point indicates the default 
position of the bubble. 
Figure. 6 (a) Fluorescence images of a temporal change 
in a ring formation by accumulation of Q-dots. (b) 
Fluorescence microscope image of Q-dots ring array 
made from Q dots on a gold surface (scale bar is 5 m). 
(c) Dependence of laser power on bubble (blue) and ring 
(red) diameter: both diameters increase with increasing 
laser power. 
(c) 
because of the Marangoni convection (Figure 7c). At 
the present three-phase interface, not only a 
Marangoni-convection flow but also a capillary flow 
has to be considered. In this system, the 
micronanobubble on a gold surface acts as a 
template for the formation of the ring structure. 
Since single micro-nanobubble was generated by 
the Nd:YAG laser focusing point, the precise 
positioning of the ring structure was feasible 
directly on the gold surface, which makes it possible 
to fabricate various patterns of rings such as arrays 
and letters, and even a double ring structure 
without any photomasks or any templates. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Other applications of the laser-induced 
micronanobubble 
Investigating a fundamental property of the 
bubble, we observed spontaneous oscillation of the 
bubble under laser irradiation on ITO surface using 
high speed captured camera. The oscillation was a 
rhythmical movement and decomposed several 
frequencies by FFT analysis. In the case of water, 
one component of frequency indicated ultrasound 
field (20 kHz). Using this property, chemical 
reaction, especially reductive reaction, occurred. 
The bubble is dealt with a portable chemical 
reaction spot on the surface. Furthermore, 
microarray patterning of Prussian blue  was 
achieved by the laser induced bubble, which are 
molecular assembling around a micronanobubble 
by the convection, the reductive reaction and 
surface deposition (Figure 8).  
(a)                      (b) 
 
 
 
 
 
 
 
 
5. Conclusion 
In this thesis, I describe new generation method 
of the laser induced micronanobubble on Au or ITO 
surface for the first time. Novel properties of the 
micronanobubble lead to the new methodology of 
manipulation and assembly of nanomaterials on the 
surface. Therefore, I could demonstrate in this 
thesis that the laser induced bubble has a potential 
for the micro-nano device fabrication in wet process 
without any templates. 
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Figure. 7  Schematic illustration of the mechanism of 
micro-nanobubble formation and fluidic flow for 
assembly of Q dots (red dots). (a) The gold surface is 
heated by the focused laser beam in a Q-dot-dispersed 
solution, and (b) the micro-nanobubble is formed 
quickly. indicates a surface tension of water. (c) The 
surface-tension gradient of the bubble interface is 
induced by a temperature gradient, which produces 
convection flow around the bubble to suck a Q dot 
toward the bubble. (d) The Q dots are agglomerated at 
the stagnation point made by Marangoni flow and 
evaporation-induced capillary flow. 
Figure. 8 AFM measurement of line-patterned Prussian 
blue molecules on ITO surface. (a) Wide and (b) close 
view 
